attainment is low, and few households have a toilet or latrine. Measles, malaria, diarrheal disease, and acute respiratory infections are the primary causes of postneonatal and child mortality (Binka et al. 1994 (Binka et al. , 1995a (Binka et al. , and 1995c Shier et al. 1996; Binka et al. 1997a; Dollimore et al. 1997) . The causes of neonatal deaths in the district have not been studied in detail, although delivery complications, low birth weight, and other biological factors are likely the most important causes. Poor harvests due to unpredictable rainfall result in nutritional adversity (NHRC 1998) , which acts in synergy with infectious diseases to elevate child mortality (Mosley 1984; Hill and Pebley 1989) . Breastfeeding is nearly universal in the region and usually continues well into a child's second or third year, but exclusive breastfeeding commonly ends within the first few weeks, and about three-quarters of children receive solid supplements by the time they are six months old (Nyarko et al. 2003; GSS et al. 2004) . HIV-1 seroprevalence is low in Ghana relative to other parts of sub-Saharan Africa. In 2003, 3.1 percent of adults aged 15-49 in Ghana and 3.6 percent of pregnant Ghanaian women seeking antenatal care were estimated to be HIV-positive (GHS 2004; UNAIDS 2004) . HIV seroprevalence in Kassena-Nankana District is unknown.
Study Design
The CHFP is a four-arm community-randomized controlled experiment designed to assess the health and mortality impact of three alternative organizational strategies for community health services compared with standard Ministry of Health (MOH) service provision (see Figure 1) . The project design is described in detail in Binka et al. (1995b) . The community-mobilization intervention involves traditional village authorities and volunteers in planning and delivering health services. The MOH-mobilization intervention moves trained nurses from fixed-location clinics to village residences and gives them doorstep service-delivery responsibilities. The combined intervention implements both approaches and establishes close links between the MOH nurse and the community leaders and volunteers. A comparison area receives services according to standard MOH guidelines.
The study region was divided into four geographically distinct areas that corresponded as closely as possible to locally recognized political boundaries (the spheres of influence of village chiefs) and MOH catchment areas. The three interventions and the comparison condition were then randomly assigned to the four areas.
Initially, primary-health-care and community-outreach training were upgraded in all four areas. This upgrading conformed to existing MOH plans and did not rely on resources that are unavailable in other parts of Ghana. Community health nurses are the primary service providers for subdistrict and outreach clinics in the Ghana health system. They receive two years of paramedical training for treating common ailments and administering immunizations. In Kassena-Nankana District, they provide care primarily through facilitybased programs with some outreach services for health education and routine immunizations. At the beginning of the CHFP, all 32 nurses in the four areas received a refresher course on health-care delivery, safe delivery, and reproductive health. All nurses were additionally trained in midwifery and methods of community entry, liaison, and outreach.
The community-mobilization intervention (areas 1 and 3) involves traditional social institutions in health-service delivery and planning. It was specifically designed to represent an operationalization of the Bamako Initiative (Knippenberg et al. 1990 ), which advocates mobilizing cultural resources such as chieftancy, lineage, and social network systems and training volunteers to deliver basic health care and information. Village health committees were established in collaboration with chiefs, elders, and other key individuals and groups. The committees appoint and oversee a cadre of primarily male health volunteers. Volunteers receive six weeks of initial training and quarterly refresher training sessions. They visit households to talk about hygiene, child immunization, and other health issues, and to make the community aware that they are available for basic treatments and referrals. They are supplied with paracetamol, chloroquine, aludrox, and multivitamins, but they do not carry antibiotics or vaccines. They provide referrals to the clinics and hospital for more complicated services.
The MOH-mobilization intervention (areas 2 and 3) tests the effectiveness of improving access to primary-health-care services. All nurses in this area were reassigned from subdistrict clinics to village residences built by the community and given door-to-door service-delivery responsibilities. They were redesignated as "community health officers." Their supervisors were also trained in community outreach and are charged with regularly visiting the community health officers on-site. The community health officer provides ambulatory care at her residence and visits all compounds in the community in 90-day cycles for health education, follow-up, and diagnosis. The project provides her with a motorbike for community liaison work, and she is responsible for visiting compound heads and organizing immunization and outreach days. She provides referrals to the clinics or hospital for any services she is not able to provide. She does not provide transportation for patients.
Demographic surveillance of the study population began with a census in July 1993. Three villages each in the MOH-mobilization and combined intervention areas served as pilot intervention sites. The first community health officers were deployed in February 1994 and the first volunteers in January 1995. The interventions were scaled up to all villages in the three intervention areas during the period from July 1995 to September 1996.
Data and Methodology
The Navrongo Demographic Surveillance System (NDSS) has monitored births, deaths, and migrations for all individuals in the study area (population 140,000) since July 1993 (Binka et al. 1997b; Phillips et al. 2000b) . A unique permanent personal identification number identifies each individual, permitting the construction of complete residence histories for people who leave and return to the study area. Interviewers visit each compound in the study area in 90-day cycles to update residence registers with demographic events that occurred in the previous three months.
The sample used in this analysis consists of all children in the study area who were younger than five years between 1 July 1993 and 30 April 2000. The data are structured in person-time format, with child's age as the underlying time scale. The observation time of children who were enumerated at baseline or migrated into the study area is left-truncated.
Observation ends at death, out-migration, the fifth birthday, or the end of the observation period (30 April 2000) .
Observation time of children who migrate between experimental areas is censored at the time of migration and is also censored for a child who migrates from a village where an intervention has already begun to a village in the same area where the intervention has not yet started. The remaining sample used for the analysis represents a total of 53,134 children, 120,238 person-years of observation (a mean of 2.3 years per child), and 5,010 deaths.
All-cause mortality rates are the primary outcome measure, calculated as the number of deaths divided by the total person-time of observation and presented with exact 95 percent confidence intervals (CI). Results are shown for ages 0-59 months and separately for ages 0-11, 12-23, and 24-59 months. Annual mortality rates are presented for the years 1994-1999 by experimental area. An ordinary least squares regression line was fitted to the series of annual mortality rates in each area and age group to calculate the predicted mean annual change in mortality during the study period.
In each intervention area, mortality rates are compared between person-time accrued prior to the intervention and during the intervention. A child's person-time is classified as pre-intervention up until the date the intervention began in her or his village; these intervention start dates vary from village to village as described above. To illustrate secular trends in mortality during the study period, rates in the comparison area are compared between 1993-95 and 1996-2000. January 1996 was selected as the cutpoint in the comparison area because it corresponds to the median start date of the interventions in villages in the three intervention areas. Results of the analysis do not change if, rather than using January 1996 as the cutpoint for the entire comparison area, villages in the comparison area are randomly assigned "start dates" with the same distribution as the start dates in the intervention areas. Poisson regression models are used to adjust mortality rates for child's sex and birth order; maternal age, education, and residence; and number of household residents.
RESULTS
The children in the four areas had comparable distributions of most background characteristics (see Table 1 ). Children in the community-mobilization and combined areas were more likely than those in the other two areas to have mothers and fathers with some formal education, but formal education was uncommon in all four areas. Children in the comparison area tended to live in compounds with fewer members than did those in the other areas. For some children, the biological father and, less frequently, the biological mother were not known.
Time trends in annual child mortality rates
Figure 2 presents child and infant mortality rates and exact 95 percent confidence intervals for the calendar years 1994-1999 in each intervention area for all person-time and for person-time accrued between 0-11, 12-23, and 24-59 months of age. The boldface rules superimposed on each set of rates show the predicted mean annual change in child mortality rates during the time period. The baseline (1994) under-five mortality rates ranged from 32.3 deaths (per 1,000 person-years of observation) in the communitymobilization area to 49.7 deaths in the MOH-mobilization area. Under-five mortality rates trended upward in the community-mobilization area during the study period, showing an average increase of 1.0 deaths per year, and trended downward in the other three areas, with the MOH area demonstrating the largest drop (-4.5 deaths per year), the combined area having the second-largest decline (-2.5 deaths per year), and the comparison area the smallest average decline (-1.1 deaths per year). All areas experienced a spike in mortality in 1996. The etiology of this region-wide increase is unknown (cause-of-death data were not available for this analysis), but the excess of deaths is largely confined to the local rainy season (July to November), suggesting a particularly bad malaria season as a possible explanation. Apart from 1996, mortality fell every year in the MOH area and almost every year in the combined and comparison areas, and increased every year except the last in the community area.
Infant (0-11 months) mortality rates in 1994 ranged from 99.9 deaths per 1,000 person-years of observation in the community-mobilization area to 154.7 deaths in the MOH area. During the study period, the infant mortality rate fell on average by 8.6 deaths per year in the MOH area, by 7.0 deaths per year in the combined area, and by 4.4 deaths per year in the comparison area, and remained stable in the community-mobilization area. Comparing the rates for 1999 with those for 1994, mortality declined more in the MOHmobilization (-43 percent) and combined (-26 percent) areas than in the communitymobilization (-8 percent) and comparison (-9 percent) areas.
Early childhood (12-23 months) mortality rates in 1994 ranged from 20.2 deaths per 1,000 person-years of observation in the community-mobilization area to 46.3 deaths in the comparison area. The mortality rate increased on average by 4.5 deaths per year in the community-mobilization area and decreased on average by 5.0 deaths per year in the MOH area, by 2.9 deaths per year in the combined area, and by 0.8 deaths per year in the comparison area.
Late childhood (24-59 months) mortality rates in 1994 ranged from 13.2 deaths in the community-mobilization area to 16.6 deaths in the comparison area. The mortality rate declined on average by 2.0 deaths per year in the MOH area during the study period for an overall decline of 65 percent between 1994 and 1999. The mortality rate decreased more modestly in the combined area (by -0.8 deaths on average per year) and remained approximately stable in the community-mobilization (0.0 deaths per year) and comparison (+0.1 deaths per year) areas. By 1999, the rate in the MOH area was approximately half as high as in the other three areas.
CHFP interventions were being scaled up between 1994 and 1996, so that some villages had programs in place in these years while others did not. In the community area, mortality rates were higher among unexposed children compared to the exposed in 1995, but the reverse was true in 1996 (see Table 2 ). In 1997 and 1998, when the intervention had reached all villages, mortality was higher than it had been in 1994 or 1995. Mortality fell in 1999 but remained about 10 percent above the 1994 level.
In the MOH area, mortality was comparable between exposed and unexposed children in 1994 and 1995, but higher among exposed children in 1996. Mortality fell each year from 1997 to 1999, ending at about half the 1994 level. In the combined area, mortality was higher among exposed compared with unexposed children in 1994, 1995, and 1996 . Mortality fell each year from 1997 to 1999, ending about 25 percent below the 1994 level. In the comparison area, mortality varied but generally trended slightly downward over time, ending in 1999 at about 15 percent below the 1994 level. Table 3 compares mortality rates between person-time prior to and during the intervention in the three intervention areas. In the comparison area, person-time in 1993-95 is compared with person-time in 1996-2000 in order to illustrate the regional changes in mortality that occurred during the study period independent of the CHFP. The adjusted under-five mortality rate was 11 percent higher in the community-mobilization area during the intervention compared with the rate prior to the intervention (RR = 1.11). This increase was driven primarily by a large increase in the early childhood mortality rate (RR = 1.87). In the MOH area, the under-five mortality rate decreased by 14 percent during the intervention (RR = 0.86); mortality fell in all age groups, with the largest drop occurring during late childhood (RR = 0.64). In the combined area, the under-five mortality rate increased by 8 percent (RR = 1.08), with small increases in all age groups. In the comparison area, mortality dropped by 6 percent (RR = 0.94) due to the offsetting effects of a modest decrease in the infant mortality rate (RR = 0.88) and a modest increase in the late childhood mortality rate (RR = 1.10).
Preintervention versus intervention mortality
These results remain substantively unchanged when the mortality rates are adjusted (using Poisson regression) for child's sex and birth order; mother's age, education, and residence; and number of household residents (see Table 4 ).
DISCUSSION
The Navrongo Community Health and Family Planning Project represents a trial of the impact of mobilizing two sets of underused resources that are generally available at low cost for health care throughout sub-Saharan Africa. The community-mobilization arm tests the marshalling of social resources that govern village life and are available to health-care systems but that typically are ignored by health planners and administrators. The MOHmobilization arm tests the effectiveness of moving health-care resources out of underused subdistrict clinics and into communities, where accountability for health-care service delivery can be assured and accessibility can be achieved. The combined arm tests the synergy between these two strategies.
We found that under-five mortality was fairly stable in the comparison area before and during CHFP implementation, whereas in the MOH-mobilization arm, child mortality fell during the intervention compared with the period before its implementation. The largest decrease occurred for those in late childhood. Mortality increased to some degree in the community-mobilization arm, particularly in early childhood where mortality nearly doubled during the intervention. In the combined arm, mortality was higher among children exposed to the intervention compared with those who were unexposed while the project was being scaled up, but fell over time once the intervention was fully in place.
Many mechanisms may explain how the location in villages of trained nurses with doorstep service-delivery responsibilities may have reduced child mortality, including improved vaccination coverage, more rapid diagnosis and treatment of illnesses, and health education. The substantial decline in mortality among older children, many of whom were exposed to the intervention for several years, may reflect the cumulative gains in resilience and survival for children who are consistently treated for acute respiratory infections, diarrhea, malaria, and other illnesses. It may also reflect improved coverage with measles vaccination, which is administered in infancy but has been demonstrated to reduce sharply all-cause mortality in later years both in this population and in other populations facing multiple health challenges (Koenig et al. 1991; Aaby 1995; Kristensen et al. 2000; Nyarko et al. 2001) . Data concerning immunization coverage prior to the intervention are not available. During the program period, coverage with all immunizations has been markedly higher in the three intervention areas relative to the comparison area but has not differed greatly among the three intervention areas (Nyarko et al. 2003) . For example, the proportion of 12-month-olds vaccinated against measles between 1996 and 1999 was 52 percent in the community-mobilization area, 48 percent in the MOH-mobilization area, 49 percent in the combined area, and 37 percent in the comparison area.
The finding that mortality, especially early childhood mortality, rose in the community-mobilization area during the CHFP was surprising and has sparked speculation that the presence of health volunteers, particularly in the absence of nurses in the village, may make residents less likely to seek health care from the more skilled medical providers in the subdistrict clinics. In the second year of life, acute respiratory infections and diarrheal disease are two of the leading causes of death in the area. Mothers may first seek advice and basic treatment from volunteers in situations where they would otherwise have taken their children to the clinic, thereby delaying or preventing the delivery of appropriate treatment. The contribution of volunteers, who as part of the CHFP are provided with certain basic medications such as paracetamol, may be more beneficial if their activities are limited to health education, outreach coordination, and family planning provision, for which they have been shown to be effective service providers (Phillips et al. 2000a; Debpuur et al. 2002) .
The results for the combined arm of the study, where mortality was higher among children exposed to the intervention compared with those who were unexposed during the early stages of the project but fell once the intervention was in place, may indicate that the most disadvantaged villages were the first ones chosen to receive the intervention. The results also could reflect startup difficulties in the coordination of nurse and volunteer activities. Mortality eventually declined, but the decrease was smaller than that observed in the MOH arm. This finding may represent contrary effects of the nurse and the volunteer: the presence of a volunteer may divert health-seeking behavior even when the nurse lives in the village and visits households on a regular basis. Residents may receive conflicting messages or signals from the volunteer and the nurse about the appropriate first place to turn for medical care, preventing nurses from achieving the same reductions in mortality as are seen in the MOH area.
Project staff undertook a cross-sectional investigation of child morbidity and of health-seeking behavior in the study area after the mortality findings in this report were circulated in preliminary form to investigate whether volunteers were diverting healthseeking behavior (Nyarko et al. 2003) . The study found comparable levels of child morbidity in the four areas, but persistent diarrhea (the second-leading cause of death in the district) was more common in the community and comparison areas, suggesting that clients experienced a longer delay in receiving treatment for diarrhea in the areas lacking community health nurses. Parents of sick children were more likely to consult professional health staff in the MOH and combined areas; parents in the community and comparison areas more commonly first consulted a traditional healer or soothsayer than did parents in the areas with nurses. Parents in the community and comparison areas rarely turned first to a health volunteer for help with a sick child. This cross-sectional survey took place almost a year after the mortality findings had been circulated, and, in the interim, project staff had emphasized to volunteers that they should be referring rather than treating illnesses.
The large population under study (140,000), the rigorous demographic surveillance system with detailed information on person-time at risk and comprehensive capture of mortality events, the availability of mortality information both before and during program implementation in each area, and the inclusion of a comparison area are key strengths of this study. A primary limitation is the presence of only one area per treatment condition. Because the CHFP interventions were not randomized at the level of the individual, traditional variance estimators based on the assumption of independence between observations will underestimate the true variance in parameter estimates and produce overly narrow confidence intervals (Simpson et al. 1995) . Variance estimators cannot be corrected for this lack of independence because each treatment condition was assigned to only one area (Murray 1998) . Parameter estimates themselves, however, will be unbiased. This problem is difficult to avoid in community-based interventions that for reasons of administration and contamination often cannot be randomized realistically at a level below the community or even the group of communities. Therefore, tests of statistical significance and examination of confidence intervals should not be relied upon for interpreting the results of the CHFP.
Although it is far from definitive, the report from this large, controlled community health trial in an impoverished area of rural sub-Saharan Africa should stimulate discussion and further research on the implications of mobilizing health volunteers in such settings. For decades, proposals such as the Bamako Initiative have promoted the mobilization of traditional community structures for the delivery of health care in less-developed countries with little hard evidence to support their recommendations. At the least, these results should influence the design of further community-level trials to evaluate the effect of community volunteers on health-seeking behavior, child morbidity, and survival in different settings.
Several other programs have succeeded in reducing child mortality with similar community-based primary-health-care interventions. In Bolivia, mortality rates were 52 percent lower in areas receiving primary-health-care program activities involving both community-based nurses and volunteers than mortality rates observed in nonprogram areas (Perry et al. 2003) . A similar program in the Gambia reduced child mortality by 33 percent in program areas compared with 16 percent in nonprogram areas (Hill et al. 1998 and . These programs did not examine the effects of nurses and volunteers independently. In Matlab, Bangladesh, reductions in neonatal (17 percent), infant (9 percent), and child (30 percent) mortality were achieved by a program that relied primarily on community health workers whose responsibilities were similar to those of the volunteers in the present study and who were supervised by centrally located medical personnel (Fauveau 1990) . Differences in the training of volunteers, in the specific responsibilities they were assigned, in their coordination with medical personnel, or in local traditional health-care practices may underlie the differences in the Matlab and Navrongo experiences. Examples of null or deleterious program effects are hard to find in the literature, possibly because negative results are less likely to be published.
In our analysis, we were unable to control for the extent to which program implementation or effectiveness may have varied within treatment arms, that is, across nurses or volunteers in different villages in the same area. The reported results, therefore, represent an effectiveness trial rather than an efficacy trial. The observed changes in mortality are what one might expect to see in real-world implementation with variation in service quality, rather than in ideal and rigorously managed circumstances.
The results of the Navrongo Community Health and Family Planning Project provide evidence that relocating trained nurses to village residences where they are easily accessible to the community may reduce child mortality. The MOH-mobilization strategy likely operates through improved treatment of acute respiratory infections, malaria, and diarrhea, and possibly through improved childhood vaccination coverage. In contrast, the Navrongo experience with community health volunteers raises questions about the efficacy of this approach in reducing child mortality. Indeed, the CHFP provides evidence that this popular model may increase child mortality in some contexts, possibly by diverting mothers' health-seeking behavior from trained paramedical care to the more accessible and less expensive but also less thoroughly trained volunteers. Thus, the CHFP underscores the scientific and policy value of field trials, even for intuitively appealing health-service interventions. Further research on the effects of village-based nurses and volunteers on children's health outcomes should be conducted in other field stations in less-developed countries to assess the wider applicability of these findings. Figure 2 Annual child and infant mortality rates (deaths per 1,000 person-years observed), by age group and intervention area, Navrongo, Ghana, 1994-99 In the comparison area, 1993-95 is treated as "preintervention" and 1996-2000 is treated as "intervention" time.
